Application of positive airway pressure is frequently indicated in pediatric patients with a diagnosis of obstructive sleep apnea. Adherence to equipment use is often less than optimal and can be more challenging when working with children with special needs. An in-patient protocol was designed utilizing various techniques and strategies from the medical adherence literature and applied to 2 cases. This protocol utilizes specialists from various disciplines, including respiratory therapists, psychologists, physicians, nurses, and child life therapists, as well as parental involvement. This paper outlines this protocol using 2 case studies. Both patients successfully used their equipment for greater than 4 hours at night by the end of their hospital stay of 4 days and maintained or advanced these gains at follow-up. These 2 cases suggest that more research should be conducted to further evaluate the effectiveness of similar programs.
Introduction
Obstructive sleep apnea (OSA) is a sleep related breathing disorder consisting of partial and/or complete upperairway obstruction that is associated with a disruption in ventilation and disturbance of sleep. Prevalence of OSA in pediatric populations ranges from 0.7% to 10.3%. 1 OSA is associated with a number of negative sequelae in pediatric patients, including restless sleep, behavior problems, neurocognitive abnormalities, growth problems, and cardiovascular complications. 1 In children, tonsillar and/or adenoidal enlargement is the main cause of OSA and surgery (ie, tonsillo adenoidectomy/uvulopalatopharyngoplasty is often the first line of management for OSA). However, there are a substantial percentage of children with OSA who either do not have any surgical options, are poor surgical candidates, or who have residual OSA after surgery. Positive airway pressure (PAP) is frequently indicated in this group of pediatric patients with a diagnosis of OSA. Use of these devices improves ventilation and oxygenation and has been associated with an improvement in sleep quality, daytime symptoms, quality of life, and overall health. 2, 3 Although the majority of these studies have been with adults, research on PAP use in pediatric populations also indicates improvement in the negative effects of OSA with PAP use. 4, 5 While the efficacy of PAP has been established, adherence to this equipment is relatively poor. 6 In pediatric populations, adherence rates range from 50% to 100% and vary based on the population studied, the criteria for assessing and measuring adherence, [7] [8] [9] and participation of the sample in behavioral interventions. Evidence of effective clinical programs to improve pediatric adherence is particularly sparse. In children, factors that have been associated with non-adherence include age, with 6 -12-year-olds most accepting and 1-5-year-olds and adolescents demonstrating the greatest difficulty. Use of an oro-nasal mask and equipment that is generally uncomfortable have also been associated with non-adherence. 8 Factors that have been associated with non-adherence include severity of disease, 8 side effects, and pressure intolerance. 9 These factors may be compounded in children with special needs, and research has indicated that adherence may be particularly challenging when working with children within this population. 7 Education has been shown to be effective in improving adherence. 8 Other strategies that may help to improve adherence include optimizing the fit of the equipment and effectively incorporating family members. There is also some existing research suggesting that by using behavioral therapy principles, PAP treatment can successfully be implemented in pediatric populations in both in-patient and out-patient settings. 8 -10 Previous authors have used nursing, meter reading, and parent report to assess adherence to PAP treatment, in both in-patient and out-patient settings, and provided a detailed task analysis for PAP desensitization as well as behavioral guidelines for families when incorporating PAP equipment at home. 9, 10 Others have assessed adherence using compliance cards in an out-patient setting. 7 Here we present 2 patients to illustrate an in-patient protocol using behavioral techniques to address non-adherence with PAP after unsuccessful outpatient treatment. Adherence was measured subjectively by parent report and objective download of the patients' compliance cards on a daily basis.
Case Report 1
Patient 1 was a 28-month-old male toddler who had undergone a tonsillectomy, adenoidectomy, and uvuloplasty, due to severe OSA. Due to persistence of clinical symptoms and overnight polysomnograph findings (apneahypopnea index 12 events/h, rapid-eye-movement index 27 events/h), CPAP treatment with a pressure of 6 cm of H 2 O was recommended, but despite the family's efforts for 6 months, the child continued to be very resistant to the CPAP equipment and adherence was essentially zero. Patient 1 also exhibited poor growth and appetite. On admission it was noted that the family was skeptical about the protocol and reluctant to give any medication to their child. The family's concerns about the protocol and the medication were addressed by the team, including the utility of the medication in assisting with sleep onset and PAP desensitization. The parents appeared more receptive to the intervention following this discussion, and provided consent to proceed with the protocol, and received a prescription for an antihistamine.
Case Report 2
Patient 2 was a 4-year-old female with CHARGE syndrome (coloboma of the eye, heart defect, atresia of the choanae, retardation of growth and/or development, genital and/or urinary abnormalities, and ear abnormalities and deafness) associated with tracheomalacia, hearing disability, visual impairment, and severe OSA (apneahypopnea index 12 events/h), who had initially utilized CPAP at a pressure of 8 cm of H 2 O for 1 year and then refused to use her equipment for more than 6 months due to aggression/behavioral problems and increased overall sensory sensitivity, per parent report. In addition to OSA, this patient also demonstrated problems with sleep initiation and maintenance. She was on a medication regimen of melatonin, clonidine, and an antihistamine at home, to help with sleep, but this had not been successful in helping with adherence. These medications were continued during her in-patient admission and immediately after discharge.
Discussion
These 2 patients were identified during clinical team meetings as being non-adherent after intensive out-patient educational and behavioral interventions were unsuccessful. These out-patient interventions included: initial education about the need for PAP following the child's sleep study; opportunities to ask questions about the treatment; equipment fitting and education about the equipment; nursing support by telephone; and regular follow-up by a multidisciplinary team including physicians, nurses, respiratory therapists, and psychologists every 2-3 months to monitor adherence. During these visits, if needed, families met with each member of the team individually to problem solve obstacles to adherence and discuss behavioral interventions such as desensitization procedures and incentive programs as potentially beneficial interventions. In vivo modeling was provided as appropriate.
After reviewing the patient's chart and assessing suitability for the in-patient protocol, based on their unsuccessful treatment during out-patient clinic visits and substantial need for PAP treatment, the patients were admitted to the hospital for the purposes of addressing PAP use. An in-patient PAP desensitization protocol involving a multidisciplinary approach was developed and implemented with these 2 patients. Team members included a pulmonologist, respiratory therapists, psychologists, child life specialists, and nurses. Each team member met with the child and parents at least once per day, and frequently multiple times per day, to facilitate implementation of the desensitization protocol. The majority of these visits were conducted individually, but some of these visits, particularly during the first day of hospitalization were conducted with 2 or more providers. Parental involvement was also emphasized during the hospital stay. The specific roles of the providers and the family during the in-patient stay are outlined below:
• The physician was responsible for the initial evaluation; daily rounds to monitor progress; consults for respiratory therapy, child life, and psychology on admission; providing an order for sleep inducing medication when needed; communicating with the family and team regarding implementation of the appropriate action; and assisting in the continuing education of the parent.
• The psychologist designed an individualized desensitization plan in collaboration with the family and other team members, based on the child's cognitive level, preexisting sensory or psychological problems, and observations of family dynamics and interactions. In addition, the psychologist, in collaboration with the other team members, demonstrated the desensitization techniques to the parents, and was involved with the implementation and modification of the plan as needed.
• The respiratory therapist, who is highly experienced with children and familiar with the adherence program, provided education and assistance with the PAP machine, such as optimizing the best fitting interface, adjusting the machine pressures, setting the alarms, and downloading the patient's compliance card, and was involved with the implementation of the plan.
• The child life therapist provided assistance with distractors and/or reinforcers and was involved with implementation of the plan.
• Nursing assisted with the administration of medication as needed and monitoring the patient at night for equipment related problems.
• Families were initially greeted by the physician and psychologist for an assessment and to discuss the desensitization program based on their individual needs.
Since the family's understanding and acceptance of the program was viewed as the key to overall success at home, their participation in the in-patient desensitization was required, and problems related to the procedures were addressed. After the initial meetings with the physician and psychologist, team members met with the family based on their availability and the needs of the family each day.
Patients were seen 3-6 times per day by members of the team during their in-patient stay for implementation of the desensitization plan. The desensitization plan involved the following components to varying degrees: parent and patient education regarding OSA and how PAP works; problem-solving fit and comfort issues related to the equipment; and assessing/intervening as necessary. Team members met with each patient initially every 2 hours during the day while they were awake, performing various activities specific to each patient. Team members engaged in providing reinforcement and modeling to improve acceptance of the mask and headgear. Both patients required sensory desensitization to the feel of the mask and the sounds and feel of the air when the machine was turned on, as they both exhibited anxiety related to the equipment. To help facilitate this, distraction techniques were incorporated during the shaping procedure to help decrease anxiety and increase tolerance of the equipment. Longer time periods for adherence were encouraged by providing reinforcement for wearing the mask for short periods of time and gradually increasing the length of time that the child was expected to wear the equipment. The patients were provided with familiar cues to help them anticipate the length of time that they were expected to wear the equipment. The mask was replaced gently but firmly, in a supportive environment, if it was removed too early. Shaping procedures were slowed to a more manageable level of progression if patients continued to take the mask off prematurely. The details of how these procedures were implemented for each patient are outlined below.
Patient 1 enjoyed rolling a ball back and forth between himself and his caregivers. He was allowed to do this enjoyable activity only as long as he would comply with the various desensitization activities. The mask and headgear were initially placed very loosely on the patient. As he began to tolerate this for longer periods, the headgear was tightened and he was allowed to experience the sensation of air flow blowing on his face, but not yet attached to the mask. As he began to tolerate this, the tubing was attached to the mask with PAP flow going through the mask. These interventions were conducted in a very playful environment, with frequent praise. After the first day of desensitization the patient was provided with an antihistamine for mild sedation and he was easily placed on his PAP and slept well. The next day, similar play desensitization was done while the child was awake, and there were no problems with initiating PAP that night and throughout the remainder of his hospitalization.
Patient 1 demonstrated at least 8 hours of usage per night by the end of the hospital stay of 4 days (Fig. 1) . Both parents stayed with the child during the hospitalization. After the first night of CPAP use, his parents noted that he was more energetic, alert, and happy, with significantly increased appetite, and felt assured that he had not exhibited snoring or gasping for breath during the night. This observation seemingly encouraged his parents and motivated them to be consistent with the machine use.
Patient 2 had CHARGE syndrome, with many sensory issues, including deafness and partial blindness, as well as hypersensitivity to anything touching her face. The patient's mother informed us that one activity her child found pleasurable was having lotion applied to her arms and legs. With this patient the headgear, mask, and air flow were introduced in a similar manner to patient 1, but only continuing with the application of lotion as long as she was calm and not fighting the PAP equipment. At night, the patient was provided with her usual medications (melatonin, clonidine, and an antihistamine). As the patient became sleepy, her PAP equipment was placed by a team member as her mother applied lotion to the patient. The patient slept well and the process was repeated the next day. On night 3 of admission, the patient became very combative with PAP placement, and pulled out her gastrostomy tube. She spent less than 2 hours on PAP. The next day desensitization activities resumed, with improved compliance for the rest of the admission (see Fig. 1 ).
At least one parent remained with the child throughout the entire hospitalization. Parents were taught the techniques used by the team members during each session and were encouraged to implement them at other times of the day and after discharge. At the beginning of the in-patient stay, interventions were done primarily by staff. However, as parents learned these techniques and began to feel more confident in their ability to implement them, they began to assume more of the responsibility for implementing these interventions. This helped parents feel more confident in their ability to implement these interventions at home and thus to be able to generalize the success obtained in the hospital setting to their home environment. The patients were discharged from the hospital when they accepted the PAP with ease throughout the night; when the parents felt comfortable continuing to help their children utilize PAP at home using the strategies learned in the hospital; and when improved nighttime symptoms and daytime functioning were observed during the in-patient stay.
Patients were then followed every 2-3 months in an out-patient multidisciplinary PAP adherence clinic manned by a sleep physician, psychologist, and respiratory therapist. Adherence was measured by objective download of the patients' compliance cards.
Since there is no pediatric measure for successful PAP usage in children, we used the adult criteria of Ͼ 4 hours of PAP usage per night, which has also used by others 8 in their study of adherence in pediatric patients for the assessment of long-term success. Other adherence criteria of Ն 3 hours have also been used. 5 While the measure of adherence used in this study may not accurately reflect differences in sleep needs in pediatric populations, it is the currently accepted standard of practice in the sleep clinic and consistent with previous research.
Long-term follow-up was assessed at approximately 3 months, 6 months, and 12 months for both patients. Patient 1 had 80% usage of Ͼ 4 hours/night at 3 month follow-up. At 7 month follow-up he had 95% usage for Ͼ 4 hours/night. Usage was maintained at 12 month follow-up, and in fact demonstrates Ͼ 6 hours/night of usage on average after 3 months at home (Fig. 2) . In addition, patient 1 showed improved growth following the intervention (Table 1) .
Patient 2 had 91% usage of Ͼ 4 hours/night at 3 month follow-up. At 7 month follow-up she had 94% usage for Ͼ 4 hours/night. Usage was maintained at 12 month follow-up, and again shows Ͼ 6 hours of usage per night on average (see Fig. 2 ). While medication was thought to assist with initial acceptance, she was weaned off medication over time, and maintained substantial usage rates. Patient 2 also showed improved weight following the intervention, although an accurate height could not be obtained because of behavioral problems during check-in (Table 2) . This intensive in-patient program achieved adherence in these 2 children who had previously failed out-patient efforts. When followed in an intensive out-patient program, compliance was maintained at short-term and long-term follow-up. These results demonstrate that patients who may not initially have been successfully managed in an out-patient setting may respond to an intensive in-patient program. However, given that only 2 patients are presented, it is not yet clear whether the in-patient protocol would be equally effective in all non-adherent pediatric PAP users, and further research is necessary to make a definitive statement about its effectiveness in all patients. However, the authors are cautiously optimistic, as the 2 patients presented were particularly challenging due to development delays, hearing and visual impairments, and behavioral resistance.
A number of factors should be considered when utilizing this protocol. Care should be taken when deciding which patients may be appropriate for in-patient versus out-patient treatment. The protocol should also be appropriate for the child's underlying condition and should be tailored based on the family's cultural background and understanding of the condition. For example, case 1 was a Hispanic child whose parents were very protective and wary of suggested interventions, including CPAP and medication. Therefore they were very resistant to the treatment. However, after seeing their child was more alert, interactive, and playful, and displayed more appetite after using CPAP in the hospital, these parents seemingly had a greater appreciation of the benefits of CPAP for their child.
Furthermore, although the intervention measured adherence using the standard of Ͼ 4 hours of PAP use nightly, which has also been used by other researchers, 8 given the sleep needs of young children, a longer sleep duration is likely more beneficial. As the long-term follow-up data show, the 2 children studied did typically demonstrate on average between 6 -10 hours of sleep with their PAP equipment during the majority of the period studied, and this may indicate that once they are able to achieve 4 hours on PAP, they typically are able to tolerate PAP for the majority of their sleep duration. Additionally, both children showed improved growth, when compared with their growth before the intervention.
One limitation of this intervention is that, for some patients and their families, the stress related to an in-patient hospitalization may outweigh the benefit of this intervention, and alternative out-patient options may need to be explored. Additionally, given the cost and intensity of services necessary for this in-patient protocol, out-patient treatment will likely continue to be the first line of treatment for the majority of patients requiring PAP. Furthermore, not all institutions will be able to provide the intense level of services required for this in-patient protocol. Because there have been relatively few reported studies detailing desensitization protocols, it is difficult to compare this study to others with regard to efficacy of techniques and efficiency with regard to cost and personnel usage. Although smart card downloads were used in this study, future studies may benefit from use of other objective measures of daily functioning, such as emotional and behavioral rating scales, which may be affected by PAP adherence. While these 2 cases demonstrate the potential effectiveness of this in-patient program for some patients, further research should be conducted to further evaluate the effectiveness and feasibility of similar programs.
Even with these limitations, these case studies do suggest that there may be an important role for multidisciplinary teams in adherence to PAP, and that these approaches should be encouraged and further researched. In addition, as discussed, the current adherence criteria of greater than 4 hours of use nightly may not accurately reflect the sleep needs of pediatric patients. Future research is indicated to determine appropriate criteria that can be used to assess adherence in future research. As additional approaches are published, comparisons of these programs with regard to effectiveness and efficiency would be an important step to developing a gold standard for PAP desensitization that can be widely used and perhaps assist in securing appropriate reimbursement for these multidisciplinary teams. 
